Background: IgA vasculitis (IgAV, formerly Henoch-Schönlein purpura) is a type of systemic vasculitis. This study aimed to explore the clinicopathological features, treatment and renal outcomes of adult IgAV-related nephritis (Henoch-Schönlein purpura nephritis) patients with different degrees of crescent formation. Methods: Adult patients with biopsy-proven IgAV-related nephritis in Nanjing Jinling Hospital were enrolled and divided into three groups as follows: control (no crescents, n = 257), group 1 (crescents < 25%, n = 381), and group 2 (crescents ≥25%, n = 60). The clinicopathological features, treatment and renal outcomes were compared among the three groups.
Background
Immunoglobulin A (IgA) vasculitis (IgAV), formerly Henoch-Schönlein purpura (HSP), is a systemic small-vessel vasculitis characterized by IgA1-dominant immune deposits. IgAV-related nephritis (HenochSchönlein purpura nephritis) is one of the most common causes of secondary glomerulonephritis and is the major cause of mortality in IgAV patients [1] [2] [3] . Kidney involvement of IgAV occurs in approximately 30-50% of children [4] [5] [6] , whereas the incidence of renal involvement with variable outcomes in adults ranges from 45 to 85% of cases [7, 8] .
The pathological classification of IgAV-related nephritis in children is carried out according to the International Study of Kidney Disease in Children (ISKDC) pathology grade, which is based in detail on the degree of mesangial proliferation and the presence of crescents [9] . Histological classification is not consensual in adults with IgAV-related nephritis. Pillebout E, et al. have provided a widely accepted classification scheme for IgAV-related nephritis in adults [7] . Some previous studies demonstrated that the degree of crescent formation was a risk factor related to renal prognosis [3, 10, 11] . There was also concern that the presence of crescents was not predictive of the renal outcome [3, 7, 8, [12] [13] [14] .
The epidemiology, clinical features, and prognosis of IgAV-related nephritis have been well documented [7, [15] [16] [17] [18] . In this study, we conducted an analysis of a biopsy-confirmed cohort of patients with IgAV-related nephritis in a Chinese adult population, in order to explore the significance of histological crescent formation. The clinicopathological features, treatment and renal outcomes in adult IgAV-related nephritis patients with different degrees of crescent formation were analyzed.
Methods

Patients
Patients with a diagnosis of IgAV-related nephritis confirmed by biopsy [19, 20] from 2003 to 2013 in the Nanjing Jinling Hospital were reviewed. The indication for renal biopsy was the manifestation of hematuria, proteinuria or renal insufficiency in incipient or relapsing patients. Patients aged > 18 years old undergoing renal biopsy were included. Those suffering from diabetes mellitus, chronic liver disease, acute interstitial nephritis, malignancy and other autoimmune disorders were excluded. Patients with follow-up < 12 months were also excluded, in order to minimize unreliability in the estimation of the renal outcome over a short time. The acute and rapidly progressive cases reaching end-stage renal disease (ESRD) within 12 months were included. According to the degree of renal histological crescent formation, the IgAV-related nephritis patients were divided into three subgroups as follows: control (no crescents, n = 257), group 1 (crescents < 25%, n = 381), group 2 (crescents ≥25%, n = 60). All follow-up data were collected until November 2016.
Clinical and laboratory data at biopsy
Demographic characteristics collected from the medical history such as gender, age at onset and age at biopsy were described. Renal involvement was assessed from the inspection results and manifested as macroscopic hema turia, microscopic hematuria, proteinuria, nephrotic syndrome, or renal insufficiency. Renal duration was defined as the delay between kidney involvement and renal biopsy. Hematuria was measured as erythrocyte counts of urinary sediment in microscopic examination. Microscopic hematuria was between 10 and 1000 ×10 4 red cells/ mL. Macroscopic hematuria was defined as > 1000 ×10 4 red cells/mL. Proteinuria was defined as proteinuria > 0.4 g/d. Nephrotic syndrome was characterized as plasma albumin < 35 g/L and proteinuria > 3.5 g/d; patients with hypoalbuminemia < 30 g/L were also included in this category even if the proteinuria was between 3.0 and 3.5 g/d. The estimated glomerular filtration rate (eGFR) was calculated using the chronic kidney disease epidemiology collaboration (CKD-EPI) formula. Renal insufficiency was defined as eGFR < 60 mL/min/1.73 m 
Renal pathological data at biopsy
Renal specimens with more than ten glomeruli were considered adequate. Two pathologists, who were unaware of the clinical features, examined the specimens with light microscopy and immunofluorescence independently. Glomerular sclerosis, segmental sclerosis, crescents, glomeruli-Bowman's capsule adhesion and capillary necrosis were evaluated. The tubulointerstitial lesions, tubular atrophy and interstitial fibrosis were semi-quantitatively graded as none (0), mild (1), moderate (2), or severe (3). Immunofluorescence for immunoglobulin G (IgG), IgA, immunoglobulin M (IgM), complement 3 (C3), and complement 1q (C1q) deposits were semi-quantitatively graded according to the intensity of fluorescence.
Treatment and renal prognosis
The immunosuppressive therapies, such as methylprednisolone or prednisone, mycophenolate mofetil, tripterysium glycosides and leflunomide, were analyzed after renal biopsy. Renal survival time was calculated from the biopsy to the final follow-up. If patients were lost to follow-up during the study, they were followed until the last recorded visit. The time-average proteinuria (TA-P) was defined as the ratio of the area under the curve of proteinuria during follow-up to the duration of the follow-up [21] . The time-average microscopic hematuria (TA-RBC) and time-average mean arterial pressure (TA-MAP) was calculated with the same method to evaluate the treatment response. The combined end point was ESRD (eGFR < 15 mL/min/1.73 m 2 , initiation of dialysis or transplantation for more than 3 months) or 50% decline in renal function.
Statistical analysis
Statistical software SPSS 18.0 (SPSS, Chicago, IL, USA) was used for the statistical analysis. Normally distributed variables were expressed as the mean ± SD and analyzed by one-way ANOVA. Multiple comparisons between the groups were performed using the LSD or Tamhane's T2 method. Non-parametric variables were expressed as median (interquartile range) and compared using either the MannWhitney or Kruskal-Wallis test. Categorical variables were expressed as percentages and compared using a Chi square or Fisher's exact test. Wilcoxon signed-rank test was used to analyze paired non-parametric data. Pearson or spearman correlation was used to assess the association between two variables. Renal survival was estimated with the Kaplan-Meier method and compared with a log-rank test across groups. The relationship between parameters and renal survival was assessed using Cox regression. All P-values were two-tailed and values < 0.05 were considered statistically significant.
Results
Demographic characteristics in adults with IgAV-related nephritis
A flow diagram describing the patient samples and exclusions is shown in Fig. 1 . The proportions of male patients in the three groups were approximately 54.9, 49.6 and 55.0%, respectively. There were no differences among the three groups. The median ages at biopsy were 30.0 (22.5-39.0), 28.0 (22.0-37.5) and 33.5 (21.0-45.8) years old without significant differences among the groups (P = 0.246). The onset age in group 2 was older than that in the control group and group 1. The median renal durations in the control group, group 1, and group 2 were 7.0 (2.0-37.5), 4.0 (1.0-24.0) and 2.0 (1.0-10.8) months, respectively. A negative correlation existed between the renal duration and the degree of crescent formation (Table 1) .
Clinical manifestations at biopsy in adults with IgAVrelated nephritis
Patients in group 2 more frequently showed macroscopic hematuria, proteinuria and nephrotic syndrome at biopsy, whereas the incidences of renal insufficiency and hypertension were without significant differences among the three groups. The extra-renal manifestations were also analyzed. The incidences of gastrointestinal symptoms were 25.3, 27.8 and 33.3% in the control group, group 1, and group 2 (P = 0.434). Additionally, the presence of arthritis occurred in 28.4, 30.7 and 28.3% of the patients in each group, respectively (P = 0.800) ( Table 2) .
Laboratory features at biopsy in adults with IgAV-related nephritis
There were positive correlations between the average levels of both urinary hematuria and protein at renal biopsy and the degree of crescent formation. Although renal insufficiency was not significantly different among the three groups, patients in group 2 had higher levels of serum creatinine and blood urea nitrogen than the control group and group 1. In addition, hemoglobin levels in the group without crescents were significantly higher than those in the groups with crescents (Table 3) . 
Renal pathology at biopsy in adults with IgAV-related nephritis
The glomeruli, tubule and interstitial injuries are demonstrated in Table 4 . The occurrences of glomeruli-Bowman's capsule adhesion and capillary necrosis were higher in group 1 and group 2. There were no significant differences in the levels of glomerular sclerosis among all groups. The chronic tubule and interstitial injury, tubular atrophy/interstitial fibrosis, was also similar among all groups. The results of immunofluorescence indicated that the incidence of immunoglobulins and complements in each group were without significant differences.
Correlation between clinical, laboratory parameters and crescents
Correlation analyses showed that renal duration (r = − 0.162, P < 0.001), hemoglobin (r = − 0.197, P < 0.001) and serum albumin (r = − 0.311, P < 0.001) were negatively correlated with renal crescents. In contrast, crescent formation was positively correlated with age at onset (r = 0.091, P = 0.016), hematuria amount (r = 0.326, P < 0.001), 24 h urinary protein (r = 0.367, P < 0.001) and blood urea nitrogen (r = 0.147, P < 0.001). The other renal lesions, glomeruli-Bowman's capsule adhesion (r = 0.175, P < 0.001) and capillary necrosis (r = 0.249, P < 0.001), were also positively correlated with crescents (Table 5) .
Treatment responses in adults with IgAV-related nephritis
The therapies are listed in Table 6 . The proportions of patients treated with methylprednisolone pulse therapy immediately after biopsy were 4.3, 28.1 and 80.0% in the three groups. Of the oral immunosuppressive treatment, the choice of methylprednisolone/ prednisone was common among all groups and accounted for 51.4, 75.9 and 88.3% of participants. Corticosteroids were always used with other immunosuppressive agents. The combination of corticosteroids and mycophenolate mofetil represented 2.7, 15.5 and 53.3% of patients in the three groups. Treatment with tripterygium glycosides was also effective and was frequently used in patients without crescents.
During the median follow-up times of 55.0 (33.0-74.5), 55.0 (35.0-80.0) and 51.5 (34.0-81.2) months in the three groups, 47.5, 41.5 and 25.0% of the patients in each group, respectively, reached TA-P < 0.4 g/day. The levels of proteinuria and hematuria were in remission after treatment. However, renal function deteriorated gradually in each group. (Figure 2 ) The levels of serum creatinine at the final follow-up were higher in group 2 than in the other groups. The percentage of patients in each group reaching ESRD or 50% decline in renal function were 4.7, 8.7 and 13.3%, which was consistent with the degree of crescent formation (P = 0.037) ( Table 6) . ). There was no difference in renal prognosis between the control and group 1 (logrank, P = 0.072). The result also turned out that the renal outcome in the control group was poorer than that in group 2 (log-rank, P = 0.010). And there was a significant difference in renal survival from ESRD or 50% decline in renal function among the three groups (logrank, P = 0.030). (Figure 3 ) However, crescent formation failed to reach statistical significance after adjusting for urinary protein > 1.0 g/day, eGFR < 60 mL/min/1.73 m 2 , glomerular sclerosis > 10%, moderate and severe tubular atrophy/ interstitial fibrosis, and immunosuppressive treatment by multivariate Cox regression (Table 7) .
Discussion
Crescents, as the main evaluation in the pathological classification of ISKDC, might have significance in predicting renal prognosis and guiding therapy [3, 6, 22] . We aimed to define the significance of histological crescent formation in Chinese adult patients with Table 4 Renal pathology at biopsy in adults with IgAV-related nephritis IgAV-related nephritis. The clinical manifestations, pathological parameters, therapy schedules and renal prognosis in adult IgAV-related nephritis patients with different degrees of crescent formation were analyzed in our study. In previous studies, the majority of patients belonged to ISKDC II and III, and the groups were evenly divided between children and adults. Cases with ISKDC IV and V were limited [8, 9, 23] . In our cohort, only 0.6% of enrolled patients had over 50% crescents in their renal pathological manifestation. In a Korean adult IgAV-related nephritis cohort, crescent formation (ISKDC grade III, IV, and V) was found in 32 (53%) patients, among whom 20 (33%) had crescents involved in ≥50% of glomeruli (grade IV and V) [24] . The duration in the Korean study was shorter than that in our cohort. Furthermore, our results demonstrated a negative correlation between the number of crescents and renal duration. As a result, this variation in the range of crescents in other studies might be attributable to the renal duration. In addition, some patients with specific contraindications, such as anemia caused by severe gastrointestinal hemorrhage, did not undergo kidney biopsy. And some patients might have received positive therapies reversing the active renal lesions before the biopsy, which also influenced the percentage of crescents at biopsy. Therefore, with this limitation of our data, we defined 25% crescents as the cut-off index and divided all patients into three subgroups. Regarding the results of renal pathology in our study, other active lesions, such as glomeruli-Bowman's capsule adhesion and capillary necrosis, were positively correlated with crescents. A previous study also showed that crescents were frequently seen in association with capillary necrosis and endocapillary proliferation [3] . The extra-renal manifestations, including gastrointestinal symptoms and the presence of arthritis were similar in the three groups. Hypertension, as an independent predictor of renal prognosis, was also without a significant difference between the groups [8, 15] . Acute renal lesions, chronic injuries and antihypertensive treatment were important. In the analysis of renal involvement, this study demonstrated that there were higher proportions of hematuria, proteinuria and nephrotic syndrome in patients with higher percentages of crescents. One study in a population of Chinese children showed that both the 24 h urinary protein contents and urine protein/creatinine levels were higher in patients with ISKDC types IIb, IIIa, and IIIb compared with patients with types I and IIa [9] . Another previous study in adult patients showed that there was no difference in the level of proteinuria between the groups with crescents < 50% and ≥ 50% [24] . This difference might be attributed to different groupings and the sample size.
In the KDIGO (Kidney Disease: Improving Global Outcomes) guideline for adult IgAV-related nephritis, the selection of therapy protocols is mostly based on the clinical features and treatment response, except for the treatment of IgAV-related nephritis patients with crescents in more than 50% of glomeruli in the renal biopsy [6] . The therapy for patients with less than 50% crescents is not clearly stated. With the progressing course Fig. 2 Clinical data at biopsy, during follow-up and at final follow-up in patients with different percentages of crescents. a Level of proteinuria at biopsy and during follow-up in the three groups. b Level of hematuria at biopsy and during follow-up in the three groups. c Level of serum creatinine at biopsy and at final follow up in the three groups. ** P < 0.01 Fig. 3 Long-term outcomes of adult IgAV-related nephritis patients in the three groups of disease, active renal lesions could progress to some chronic pathological manifestations. Previous studies demonstrated that delaying the kidney biopsy could play a role because crescentic glomeruli could rapidly lead to complete glomerulosclerosis if not treated [3, 25] . In addition, in patients with IgA nephropathy, a previous study clearly demonstrated that crescents could be reversed after immunosuppressive treatment, taking advantage of repeat renal biopsy data [26] . The patients in our center with higher degrees of crescent formation received more positive immunosuppressive therapies. Corticosteroid therapy was commonly prescribed in patients, especially in those with a higher percentage of crescents. Corticosteroids combined with other immunosuppressive agents were also used. Previous observational studies supported good outcomes with corticosteroids combined with azathioprine [27] , cyclophosphamide [28] , cyclosporine [29, 30] , plasma exchange [31] and rituximab [32] . However, some other studies did not provide convincing evidence that immunosuppressive therapy, including steroids, had a beneficial effect in patients with IgAV-related nephritis [3, 7, 12, [33] [34] [35] , and some studies were too small to establish treatment efficacy [30, 36] . As a retrospective study, we simply collected the therapy protocols after the biopsy in each patient and did not conduct a comparison of therapeutic effects with different treatments. Meanwhile, the use of immunosuppressive agents likely resulted in a higher risk of adverse effects, such as infections [37] . Due to the lack of data, our study did not measure the side effects associated with the use of immunosuppressive agents. Large-scale or prospective studies are needed to overcome this limitation. The results of treatment response found that the proteinuria and hematuria were in remission after treatment. Proteinuria is commonly identified as an independent predictor of renal prognosis, and persistent proteinuria might accelerate the decline of renal function [7] . In our study, more than 50% of patients had abnormal proteinuria during follow-up. The renal function had also deteriorated in two groups at the last follow-up. In addition, more patients without crescents had lower levels of proteinuria and serum creatinine. The Kaplan-Meier analysis showed that the 5-and 10-year cumulative renal survival rates from ESRD or 50% decline in renal function in patients with more crescents was significantly lower. Although the treatment algorithm was more aggressive, the renal prognosis was significantly poorer. A greater awareness of this disease needs to be created among the referring doctors to facilitate early diagnosis and prompt treatment. In the ISKDC classification focusing on mesangial proliferation and the presence of crescents, patients with crescents < 50% were identified as ISKDC III [9] , which ignored the dissimilarity with different proportions. In addition, our study showed that crescent formation was not an independent risk factor of renal prognosis after adjusting potential confounders. Previous cohorts demonstrated that tubulointerstitial lesions were strongly related to clinical severity [7, 13, 38] . As a result, a more suitable pathological classification standard is needed to predict renal prognosis and guide therapy. A previous study has suggested that the Oxford classification can be used in predicting long-term outcomes of IgAV-related nephritis [24] .
There are some limitations to this study. First of all, data from this study were acquired from a single center. The participants may not have been an adequate representation of the entire Chinese population. Secondly, this was a retrospective study. Patients enrolled were treated with a flexible therapy strategy without an exact duration. In addition, this article focused on the study of crescent in IgAV-related nephritis. The other histological lesions, such as mesangial hypercellularity, endocapillary cellularity and segmental sclerosis, were not analyzed. Therefore, a multicenter study is warranted for the application and evaluation of the Oxford classification of IgAV-related nephritis in adult Chinese patients.
Conclusions
Adult IgAV-related nephritis patients with more crescents had more-severe renal manifestations and poorer treatment responses. However, the proportions of crescents were not associated with higher risks for end-stage renal disease or 50% decline in renal function after adjusting potential confounders. A more suitable pathological classification standard is needed to predict renal prognosis. 
